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(57) Scope of Claims 

1. A sampling signal synchronizing system in a 
communication system in which two apparatuses mutually transmit 
and receive sampling signals, obtained by the two apparatuses 
10 by sampling in the equal period, in the same period as that 
of the sampling, in a common transmission format including 
sampling numbers that change in the same period as that of the 
sampling signals and that are periodically generated by 
repetition, the sampling signal synchronizing system 
15 characterized in 

that the repetition period of the sampling numbers is 
longer than two times the transmission delay time between the 
two apparatuses , 

that when a signal has been transmitted from one apparatus 
20 and when this signal has been received by the other apparatus, 
the other apparatus measures a time Ts that is a time 
difference between a time of the reception of the signal and 
a time when said other apparatus has transmitted a signal 
immediately before, 
25 that said other apparatus transmits data for reporting 
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the reception of the signal and the measured value Ts of said 
time to said one apparatus, 

that said one apparatus measures a time TM that is a time 
difference between a time of the reception of the signal 
5 transmitted from said other apparatus and a time when said one 
apparatus has transmitted a signal immediately before, and 
that said one apparatus adj usts a sampling timing of either 
said one apparatus or said other apparatus so that a time 

difference At between sampling timings of these apparatus 

10 becomes zero, based on the measured time TM and the measured 
time Ts transmitted from said other apparatus , and then adjusts 
a sampling number of either said one apparatus or said other 
apparatus based on an expression of a = RA1 - (SA2 - 1) / 2 
so that sampling numbers generated by both apparatuses coincide 

15 with each other based on the sampling number RA1 relating to 
a reception time of a signal transmitted from said other 
•apparatus, a sampling number at a transmission time of said 
one apparatus, and the sampling number SA2 at a reception time 
of said one apparatus. 

20 Detailed Description of the Invention 
[Industrial Field of the Invention] 

The present invention relates to a synchronizing system 
in a communication apparatus that compares values sampled at 
the same time at remote places , and relates , more particularly , 

25 to a sampling signal synchronizing system that is used for a 



protective relay unit of a transmission line, for example. 
[Prior Art] 

There has come to be utilized a protective relay unit 
(a carrier relay) that measures currents at two remote places 
5 in a transmission line, compares these currents, and checks 
presence or absence of an abnormal condition. According to 
such a comparison type protective relay unit, the unit samples 
instantaneous values of currents at two points of a transmission 
line at every predetermined period, A/D (analog to digital) 

10 converts the currents, and then transmits the currents to 
mutually opposite apparatuses using a microwave line, for 
example . Each apparatus compares the value of the own apparatus 
with the received value of the other apparatus, thereby to 
monitor a system trouble of the transmission line. 

15 In this case, it is necessary that the sampling timings 

of both apparatuses are the same. Further, it is general that 
a time period from when data has been transmitted till when 
the other apparatus receives the data, that is, a transmission 
delay time, is longer than a sampling period, and is a few times 

20 the sampling period. 

Therefore, it is necessary that the sampling timings are 
attached with a series of repetition numbers , and that the data 
sampled by both apparatuses at the same time are mutually 
transmitted by being attached with an identical number, thereby 

25 to ensure the comparison of the data. According to this 
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protective relay unit, synchronizing means for synchronizing 
between the timing and the sampling signal is very important. 
As this type of signal synchronizing system, there has been 
proposed, for example, Japanese Patent Application Laid-Open 
5 (JP-A) No. 50-49645. This will be briefly explained below. 

Figs . 4a and 4b are diagrams for explaining the principle 
of the invention of Japanese Patent Application Laid-Open (JP-A) 
No. 50-49645. An apparatus that takes a leadership of 
synchronization will hereinafter be referred to as amain station, 

10 and an apparatus that follows the synchronization will 
hereinafter be referred to as a subordinate station. Data of 
a specific sampling number to be transmitted from the main 
station to the subordinate station will be called Si, and data 
of a specific sampling number to be transmitted from the 

15 subordinate station to the main station will be called S 2 . Fig . 
4a and 4b show a time relationship relating to the transmission 
and reception of data of a specific sampling timing. There 
is only a negligible time difference between the time taken 
from when Si has been transmitted from the main station till 

20 when Si reaches the subordinate station and the time taken from 
when S 2 has been transmitted from the subordinate station till 
when Si reaches the main station . It is assumed that these times 
are equal to each other, and this is expressed as a transmission 
delay time Td (a transmission path in which the transmission 

25 delay times in both directions are equal can be actually 



constructed)' . A transmission period T of Si and S 2 is set to 
two times or more of a maximum value of Td that takes into account 
a variation component. 

In Figs. 4a and 4b, a time period from when Si has been 
5 transmitted from the main station till when S 2 has been received 
by the main station is expressed as Ti , and the main station 
measures this time Ti . On the other hand, a time period from 
when S 2 has been transmitted from the subordinate station till 
when Si has been received by the subordinate station is expressed 

10 as T 2 , and the subordinate station measures this time T 2 . Then , 
the main station loads this time T x onto a data transmission 
format, and transmits it to the subordinate station, and the 
subordinate station receives this Ti . On the other hand, the 
subordinate station loads this time T 2 onto a data transmission 

15 format , and transmits it to the main station , and the main station 
receives this T 2 . 

Fig. 4a shows a declining slanted line that expresses 
the transmission of Si from the main station, and an inclined, 
slanted line that expresses the transmission of S 2 from the 

20 subordinate station, and these lines cross each other. Thus, 
this shows a time relationship that Ti + T 2 = 2Td is established. 
Fig. 4b shows a case where the slanted lines S x and S 2 do not 
cross each other, and a time relationship of T x + T 2 > 2Td is 
established . 

25 Fig. 4a shows a case where the transmission of S 2 from 



the subordinate station is delayed from the transmission of 
Si from the main station . As is clear from the drawing, in order 
to synchronize the signal transmission from both stations, it 
is necessary that the phase (timing) of the clock pulse of the 
5 subordinate station transmitting section is slightly advanced 
so that the transmission from the subordinate station is shifted 
in total to a left direction of the drawing as shown by an outline 
arrow mark. In other words, when Ti > T 2 , it is necessary to 
advance the transmission from the subordinate station, and on 
10 the other hand, when Ti < T 2 , it is necessary to delay the 
transmission from the subordinate station . Thus , both the main 
station and the subordinate station or either one of them carries 
out a clock pulse phase control so that Ti becomes equal to 
T 2 . 

15 When Ti becomes equal to T 2 , Si and S 2 are transmitted 

exactly at the same time. Therefore, both the main station 
and the subordinate station can carry out all other operation 
including the generation of data of sampling timings at the 
same time. As a result, the synchronization of the sampling 

20 signals becomes complete. 

Further, Fig. 4b is a case where the inclined lines that 
express the transmission do not cross each other at all. In 
this case, a relationship of T x + T 2 = T + 2Td always exists. 
In the case of Fig. 4b, it is apparent that it is possible to 

25 reach the synchronized state more quickly when the transmission 



of S 2 by the subordinate station is shifted to a left direction 
as shown by the outline arrow mark. 

It should be noted that, in the case of Fig. 4a, the 
transmission of S2 by the subordinate station must be shifted 
5 to a left direction when Ti > T 2 , and must be shifted to a right 
direction when Ti < T 2 . However, in the case of Fig. 4b, the 
transmission of S 2 by the subordinate station must be shifted 
to a left direction when Ti < T 2 , and must be shifted to a right 
direction when Ti > T 2 . However, it is possible to easily solve 

10 this problem based on the above-described condition. In other 
words, in the case of Fig 4a, the relationship of Ti + T 2 < T 
is obtained from Ti + T 2 = 2Td, and in the case of Fig 4b, the 
relationship of Ti + T 2 > T is obtained from Ti + T 2 = T + 2Td. 
Therefore, it is possible to invert the control condition by 

15 using an exclusive OR circuit. 

[Problems to be Solved by the Invention] 

Based on the above-described method, the transmission 
timings of the data Si and S 2 of a predetermined specific identical 
sampling number are coincided with each other . In other words , 

20 the sampling timings of the main station and the subordinate 
station are coincided with each other to synchronize the above 
transmission timing. In this case, either the main station 
or the subordinate station advances or delays the phase of the 
clock pulse to make the sampling timings coincide with each 

25 other. This adjustment time length is a maximum 1/2 of the 




transmission period T of the data Si and S 2 of a specific sampling 



sampling timings of both stations at one time to adjust the 
timings to coincide brings about a rapid change in the data 
5 transmission timing. This causes the receiver side to generate 
a data reception error. Therefore, in actual practice, the 
process of shifting the sampling timing by only an extremely 
short period of time within a range of not generating a data 
reception error is carried out repeatedly by a plurality of 

10 times . Thus , a desired adj ustment is carried out . As a result , 
it has taken a long time to synchronize the sampling signals. 
Particularly, as the adjustment time length is as long as T/2, 
it takes an extremely long time to complete the adjustment 
depending on the situation. 

15 Further, for measuring the time necessary for 

synchronizing the sampling signals, that is, the time from when 
the own station has transmitted the data Si or S 2 of a specific 
sampling number till when the other station has received the 
data S 2 or Si of the same sampling number, it is necessary that 

20 it is possible to measure the time period T for transmitting 
the data of the specific sampling number. A time-measuring 
counter of a relatively large number of bits is necessary, 
although it depends on the precision of time measuring. 
Therefore, there has been inconvenience that the number of bits 
. 25 of the time data (Ti or T 2 ) to be transmitted to the other station 



number . 



The shifting of the time difference between the 
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is large , and that a large number of bits occupy the transmission 
format . 

The present invention has beenmade to solve such problems . 
It is , therefore , an obj ect of the invention to provide a sampling 
5 signal synchronizing system that is capable of making sampling 
timings and sampling numbers of a main station and a subordinate 
station coincide with each other in a short time, capable of 
decreasing the time measuring period , and capable of decreasing 
the number of bits of time data, thereby increasing the 

10 transmission efficiency. 

[Means for Solving the Problems] 

The present invention provides a synchronized control 
system in which, when one station has transmitted a signal to 
the other station, this other station obtains a time difference 

15 between a time of a reception of the signal transmitted from 
the one station and a time when this other station has transmitted 
a signal immediately before, or a sampling timing. This other 
station then returns the time difference to the one station. 
Based on this returned information, a time difference between 

20 a timing when the one station has received this returned 
information and a time when the one station has transmitted 
a signal immediately before or a sampling timing, and a sampling 
number at the time of the reception, either station carries 
out a fine-tuning control to make the sampling timings coincide 

25 with each other, and then corrects the sampling number. 




[Operation] 

A station transmits a signal, and the other station 
receives this signal. A time difference between a reception 
time of this signal and a time when this other station has 
5 transmitted a signal immediately before is returned together 
with data of the reception of the signal . Based on this returned 
information, a time difference between a reception timing of 
the returned information anda time of a transmission immediately 
before or a sampling timing, and a sampling number at the time 

10 of the reception of the returned information, a fine-tuning 
control for making the sampling timings coincide with each other 
is first carried out. Then, a rough control for making the 
sampling numbers approximately coincide with each other is 
carried out. The measuring of the above time difference is 

15 carried out for a shorter period of time than the samplingperiod . 
[Embodiments] 

An embodiment of the present invention will be explained 
in detail based on the drawings . Fig . 1 is a timing chart showing 
a state of transmission and reception between a main station 

20 A and a subordinate station B. The main station A and the 
subordinate station B generate sampling numbers based on T as 
a period. In this case, one cycle (corresponding to an electric 
angle 360 degrees) is in a power system frequency (50 Hz or 
60Hz) . T 0 represents a period of a sampling timing, and this 

25 is assumed as an electric angle of 30 degrees. Therefore, T 



= 12 x T 0 . The sampling number changes from 0 to 1 , 2, , 

11 at each sampling timing. For the sake of convenience of 
the explanation, it is assumed that the sampling timing is the 
same as the transmission timing. 
5 Then, the main station and the subordinate station 

mutually transmit and receive a sampling signal of a specific 
number. It is assumed that the main station A transmits data 
to the subordinate station B, and this is expressed as Si. In 
Fig. 1, the above specific sampling number is set as "0" . 

10 There is practically a negligible time difference between 

the time taken from when the data Si is transmitted from the 
main station A till when this data Si reaches the subordinate 
station B and the time taken from when a data is transmitted 
from the subordinate station B till when this data reaches the 

15 main station A. Therefore, it is assumed that these times are 
equal to each other, and this is expressed as a transmission 
delay time Td. As the two stations are not synchronized, the 
sampling numbers of both stations are deviated by six, for 
example, in the sate shown in Fig. 1. The sampling timings 

20 are deviated by At. 

Next, the systemof thepresent invention will be explained 
with reference to Fig. 1 and a flowchart in Fig. 2 that shows 
a data transmission/reception and data processing procedure 
of the subordinate station A and the main station B. 

25 The data S x of a specific sampling number " 0 " is transmitted 



from the main station A at every constant period (T = 12 x T 0 ) . 
The data Si transmitted from the main station A reaches the 
subordinate station B after the transmission delay time Td. 
In this case, among various sampling timings, the subordinate 
5 station B measures as Ts the time from the sampling timing 
immediately before receiving Si till the time of receiving Si. 
This can be executed by counting a suitable clock by a counter 
that is reset at every sampling timing, and by stopping the 
counting at the time of the reception. When the subordinate 

10 station. B has received Si transmitted from the main station 
A, the subordinate station B transmits a transmission data to 
the main station A at the next sampling timing by loading , without 
exception, a flat Fl that shows the reception of Si and the 
above Ts on the transmission data. In this example, the 

15 subordinate station B transmits the transmission data of a 
sampling number "10" to the main station A by loading the flag 
Fl and Ts on this data. 

The main station A receives the f lag Fl and the measured 
time Ts from the subordinate station B. The main station A 

20 stores its own sampling number SA2 at the time of the reception 
by specifying the number as "7", and, at the same time, measures 
as TM the time taken from the sampling timing immediately before 
the arrival of the data from the subordinate station B till 
the reception of the data , f rom among various sampling timings . 

25 The measuring means for this is similar to the Ts measuring 



means of the subordinate station B. 

The main station first carries out a fine-tuning control 
for making the sampling timings of the main station and the 
subordinate station coincide with each other. 

As is clear from Fig. 1, the following relationship is 
always established between the transmission delay time Td and 
the measured times TM and Ts . 

Td + AT = nT 0 + Ts (1) 

Td = mT 0 + TM + AT (2) 

where n represents a sampling period from the sampling 
timing of the subordinate station nearest the time of 
transmitting Si till the reference sampling timing of measuring 
Ts, and 

m represents a sampling period from the sampling timing 
of the main station nearest the time of transmitting Fl till 
the reference sampling timing of measuring TM. 

From the expressions (1) and (2) , At is obtained as 
follows . 

AT ,In^ T ^ (T.-TM) ... (3) 

As the absolute value of the sampling timing difference 
AT is within To/2, the first term (n - m) on the right-hand 
side of the expression (3) can take only one of 0 and ± 1. 

Therefore , in order to set the sampling timing difference 
At in the expression (3) to zero, the sampling timing of the 
main station is advance/delay controlled to meet any one of 
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the following expressions. Thus, the synchronization is 
obtained. 

Ts = TM (when n - m = 0) (4) 

T 0 + Ts = TM (when n - m = 1) (5) 

T 0 + TM = Ts (when n - m = -1) (6) 

Which one of the expressions (4) to (6) is to be used 
to control the sampling timings is determined by the values 
of n and m. In other words , there is the following relationship 
between n and m. 

(a) when SA2 is an odd number 

m = ( SA2 - l)/2, n - (SA2 - l)/2 

(b) when SA2 is an even number 

m = SA2/2, n = SA2/2 ~ 1 (TM > Ts) 
m = SA2/2 - 1, n = SA2/2 (TM < Ts) 

As the main station has the data of SA2 , TM and Ts, the 
(n - m) is calculated based on these data, and an advance/delay 
control of the sampling timing is carried out to set At - 0. 
In this example, as SA2 = 7, m = n = 3, and therefore, (n - 
m) = 0 . For a fine-tuning control, the phase control of the 
sampling timing of the main station is carried out so that Ts 
= TM in the expression (4) . The advancement/delay is determined 
basedona large/small relationship of Ts andTM. Inthis example, 
as Ts > TM, the sampling timing of the main station is advanced. 

Based on the above-described fine-tuning control, the 
sampling timings of both stations coincide with each other. 



Next, a rough control for making sampling numbers of both 
stations coincide with each other is carried out. Fig. 3 shows 
a state after carrying out the above fine-tuning control . The 
main station recognizes a sampling number RA1 (in this case 
5 n 10") of the data onto which the flag Fl has been loaded. The 
main station also recognizes that the data loaded with the flag 
Fl has been received when the sampling number is SA2 (in this 
case "7") . 

Based on SA2 and RA1 , a delay £ in the sampling number 
10 of the main station from that of the subordinate station can 
be expressed by the expression (7) as follows. 
e = RA1 - (SA2 + 1) /2 (7) 

In this example, a = 10 - (7 + 1 ) /2 = 6 . Thus , the sampling 
number of the main station is delayed from the sampling number 
15 of the subordinate station by 6. 

A relationship between the value of £ and the deviation 
in the sampling numbers between the main station and the 
subordinate station is as shown in Table 1 . 



Table 1 



£ value 


Relationship between the sampling number of the 
main station and that of the subordinate station 


From -5 to -1 


The sampling number of the main station is advance 
by - £ value 


0 


The sampling numbers of the main station and the 
subordinate station coincide with each other 


From 1 to 10 


The sampling number of the main station is delayed 
from that of the subordinate station by £ value 
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Next, the sampling number of the main station A is 
corrected by the sampling number difference e calculated from 
the expression (7) so that the difference in the sampling numbers 
between the main station A and the subordinate station B becomes 
5 zero. In this example, the sampling number 8 is advanced by 
6 so that the sampling number becomes 2 . For this calculation, 
£ is added to the sampling number of the main station. When 
the sum does not exceed 12, this value is used as a new sampling 
number of the main station . When the sum exceeds 12 , the surplus 

10 of 12 is used as a new sampling number of the main station. 
Based on the above-described fine-tuning control and the rough 
control, the sampling numbers and the sampling timings of both 
stations coincide with each other. 

In the above embodiment, the main station controls the 

15 sampling timings and the sampling numbers . It is also possible 
that the subordinate station transmits data of a specific 
sampling number as shown by a two-dots chain line in Fig. 1 
and carries out a similar control. This exhibits an entirely 
similar effect to that of the above embodiment. Further, when 

20 both the main station and the subordinate station carry out 
a similar operation and carry out the control of sampling timings 
at both stations, the time required for synchronizing the 
sampling timings becomes one half. Thus, it becomes possible 
to synchronize at a faster speed. However, in the case of the 

25 synchronization of the sampling numbers, it is necessary that 
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either the main station or the subordinate station carries out 
the control . 

While a description has been made of a synchronization 
control between the two stations of the main station and the 
5 subordinate station in the above embodiment, the invention can 
also be applied to the case of a synchronization control among 
three or more stations . In the case of a synchronization control 
among three stations, first, the synchronization control is 
carried out between two stations in the same manner as that 
10 of the above embodiment. Then, a synchronization control is 
carried out between the remaining one station and one of the 
two stations that have been synchronized. In this manner, it 
is possible to obtain a similar effect to that of the above 
embodiment . 

15 Further, in the above explanation of the embodiment, the 

time of transmitting the data Si from the main station to the 
subordinate station is a specific sampling number 0 for the 
sake of convenience. However, it is also possible to use other 
sampling number . When the sampling number is expressed as SA1 , 

20 the expression (7) is modified as follows. 

a = RA1 - SA1 - (SA2 - SA1 + l)/2 (7') 

Further, it is needless to mention that the application 
of the present invention is not limited to the protection relay 
unit. It is also possible to apply the present invention to 

25 other units like a seismograph or a standard clock that requires 



simultaneousness between two remote points. 
[Effects] 

As explained above, according to the present invention, 
it is possible to quickly carry out the correction of the sampling 
5 numbers as well as the adjustment of the sampling timings. In 
other words, the measuring time for synchronizing the sampling 
timings can be set to the time data equal to or smaller than 
the minimum sampling interval T 0 . Further, the number of bits 
of the time measuring data can be decreased, and the number 

10 of time counting circuits can be decreased. Furthermore, the 
number of bits of the time data to be mutually transmitted can 
also be decreased. As a result, it is possible to increase 
the data transmission efficiency. 

Further , the flag Fl to be transmitted to the other station 

15 when a specific sampling number has been received can be 
constructed in a single bit. The transmission efficiency can 
be increased in this aspect as well. As the synchronization 
control is carried out by dividing the control into the rough 
adjustment and the fine-tuning adjustment, the time required 

20 for making the sampling timings coincide with each other between 
the main station and the subordinate station can be reduced 
substantially. As a result, there is an effect that it is 
possible to quickly carry out the synchronization. 

25 
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Brief Description of the Drawings 

Fig. 1 is a time chart for explaining the synchronizing 
system of the present invention, Fig. 2 is a flowchart showing 
a data transmission/reception and data processing procedure 
5 of the subordinate station and the main station, Fig. 3 is a 
time chart for explaining the rough control and fine-tuning 
control, and Fig. 4 is a diagram for explaining the principle 
of a conventional system. 

A Main station, B Subordinate station. 
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